Microfluidic chip is mainly driven electrically by external electrode and array electrode, but there are certain disadvantages in both of ways, which affect the promotion and application of microfluidic technology. This paper discusses a scheme that uses the conductive solution in a microchannel made by PDMS, replacing electrodes and the way of dielectric breakdown to achieve microfluidic chip driver. It could reduce the driving voltage and simplify the chip production process. To prove the feasibility of this method, we produced a microfluidic chip used in PDMS material with the lithography technology and experimented it. The results showed that using the dielectric breakdown to achieve microfluidic chip driver is feasible, and it has certain application prospect.
Introduction
Microfluidic chip analysis system is mainly using the manipulation of the fluid to finish the functions including sampling, dilution, plus sampling, reaction, separation, analysis, and detection in microchannel chip system [1] . Microfluidics have many types of driving and controlling technologies; the principle and form are different, which can be divided into pressure-driven, electrically driven, heat-driven, the surface tension-driven, centrifugal force drivers, and so forth [2, 3] .
Electric driver is still one of the most commonly used and most effective drivers in microfluidic chip analysis systems. It usually places the outer electrode at both ends of the sump; by applying a voltage on the electrode, the driving electric field was formed in the solution to achieve the driving of the liquid in the microchannel. Currently, this is the mainstream drive mode of the chip electrophoresis analysis system. Usually, electrically driven driver has two ways. One is the chip external electrode way, such as those chips which designed by Harrison et al. [4] , Schasfoort et al. [5] , Bianchi et al. [6] , Locascio et al. [7] , Pittman et al. [8] , and Sun et al. [9] . The other way is arraying electrode on chip, such as those designed by Lin and Wu [10, 11] and Fu and Yang [12] . Both ways, however, have some defects. The former requires a high-voltage power supply; there are security and large volume problems; the latter requires specialized microelectrodes on the chip design and high processing requirements. Also it is too difficult and complex to implement.
Recently, using the conductive solution in microchannel to replace the function of electrode has become a hot. Using the conductive solution in microchannel to replace the function of electrode and the electric field generated by the applied voltage through the ends of the microchannel can emerge the reversible electrical breakdown on the interval between the channels and form electroosmotic flow to drive liquid injector and flow. This can simplify the design process and increase the security. Lee et al. [13, 14] designed a liquid electrode microfluidic chip drives by liquid glass electrode for nanofluidics (NLGE). Dielectric breakdown injection microfluidic chip design and experiment are discussed in this paper, which is designed and formed by PDMS material. In order to achieve the dielectric breakdown to drive the electroosmotic flow, we designed a microfluidic channel within the conductive liquid to replace the electrodes to simplify the electrode process of integration, reduce the voltage, and improve the speed of electroosmotic flow. Fluid electrode effect through the dielectric breakdown of the dam between the microchannel could achieve it.
Chip Structure Design
We simplified the chip structure in order to inject the conductive solution into microchannel conveniently. So, we designed the dam barrier of interlaced microfluidic channel structure (the interval between the two channels was 10 m, and the two channels being injected the conductive solution represent the dielectric breakdown electrode). The dielectric breakdown injection microfluidic chip electroosmotic flow driven experiment is shown in Figure 1 . The labeled 1, 2, 3, and 4 represent the square sump; the length is 4 mm; the width of the microchannel is about 100 m; and the depth is 10 m. The distance between the 1, 3 or 2, 4 sumps is 1 cm.
The Manufacture of Chip

The Fabrication of Mask.
We draw the mask by Coreldraw software. The front projection of mask version is shown in Figure 2 .
Machining of Chip.
Dielectric breakdown microfluidic sample chip is composed of substrate and cover plate bonding, and we all choose the PDMS material in consideration of the needs of the experiment; silicon is selected into substrate's mould made by PDMS.
Mould Making.
The mould makes use of lithography and etching processes in silicon in production. The manufacturing steps and process parameters are as follows. Figure 3 is the illustration. Figure 4 is the silicon wafer's lithography graphics. (1) Cleaning: successively use acetone, alcohol, and demonized water ultrasonic cleaning silicon wafers each for 5 minutes, then place it on a hot plate at a temperature of 150 ∘ C to bake for 1∼3 minutes after it is dried by nitrogen.
(2) Spin glue: there are two steps to do it. The first step is 500 r/min rotational 15 s, and second is 4000 r/min 30 s rotation.
(3) Preexposure: exposed to ultraviolet for 90 s.
(4) After baking: baked on a hot plate in 112 ∘ C for 120 s.
(5) Postexposure: exposed to ultraviolet for 160 s.
(6) Displaying picture: development for 40∼45 s in the liquid.
(7) Inductively coupled plasma (ICP) etching.
Inductively coupled plasma etching method has several superiorities followed as high selectivity, good etching anisotropy, and the ability of getting the plank wall easily; particularly, it has a giant superiority in the deep groove etching silicon. Inductively coupled plasma ICP etching is one of the technologies about ion. Etching and its process parameters are showed in Table 1  [ [15] [16] [17] . Figure 5 is the photo of ICP etching.
The Facture of Substrate and Cover Plate.
The whole structure and design process of the chip is shown in Figure 6 .
(1) PDMS Material Preparation. Firstly, weigh PDMS prepolymer and a curing agent according to the proportion of 10 : 1 by Libra. Secondly, stir for 14 minutes and make them mixed uniformly, then it keep for 30 minutes to eliminate bubbles on the process of stirring, and exhaust it for 1 hour in the vacuum pump to further eliminate bubbles.
(2) Mould Container. Use double-sided adhesive to the surround slide side forming a container, then the silicon is placed in the bottom of the container used as substrate mould. Then, pour the PDMS liquid in the mould, and put the mould at a temperature of 75 ∘ C for 1 hour [18] . Cut PDMS into the required shape and size with a scalpel. 
The Bonding between the Substrate and the Cover Plate.
Place the substrate with a channel structure and the cover plate with the liquid storage pool structure at a distance of 3 cm away from the 6 W (the more bigger the power is, the more better the effect is) low pressure mercury lamp [19, 20] . After exposing for 3 hours, drop the ionized water on cover plate and substrate, then fold it for one minute and place it in the drying box at 65 ∘ C preserving temperature for 2 hours. Lastly take it and place it for 24 hours to use [18] .
Experimental and Discussion of Microfluidic Dielectric Breakdown Sampling Chip
Conductive Liquid Filling.
Liquid storage pool and microchannel are filled by microsyringe pump whose needle external diameter is 0.9 mm and internal diameter is 0.46 mm. The picture of operating of microsyringe pump was shown in Figure 8 [13, 14] . The steps of operating the syringe pump are as follows.
(1) Choose the right injector (20, 30 , and 50 mL), and link the pumped liquid with pipe line. Then, exhaust air, and install the injector on the syringe pump.
(2) Release the press block, fix the injector in a groove, and screw the press block.
(3) Release the push piece, move it to the bottom of injector's pusher, and then fix the pushing piece.
(4) Turn on the switch of the syringe pump, set the pushing speed of the pump as 540 uL/h, open the injection pump, and start sampling. In addition, in order to observe the liquid flow conveniently, the injector should be filled with red ink.
It was found that there is an internal leakage phenomenon of the chip in the sample process, and it is speculated to have these following reasons: one was that the bond was not strong enough and the chip was not fully sealed; another was that the rough surface of the silicon wafer, PDMS, and mould had a little gap through which the liquid could inflow. To solve them, we could test the liquid speed or do its pressure simulation to inspect and confirm the failure of the sample process. The simulation picture was shown in Figure 9 .
Through the simulation, we could come to the conclusion that the pressure of microchannel was 26 × 10 5 Pa, which was over bonding tolerance pressure of the PDMS (3.45 × 10
4 Pa), and we needed to adjust the injection velocity to prevent leakage.
In order to let the pressure be under 3.45 × 10 4 Pa, we should adjust the liquid sampling rate. The results (Figure 10) showed that the injection speed rate of 83.7 uL/h was safe. After resetting the microsyringe injection speed, micropump channel samples successfully and does not leak aging. The color of liquid is red as shown in Figure 11 . 
Dielectric Breakdown Electroosmotic Flow Test.
After the success of injecting test liquid, we used DC power to test electroosmotic flow in the chip by measuring the channel current. The schematic diagram of test circuit is shown in Figure 1 . When putting the DC voltage on the 2, 4 store pool of the chip, respectively, we could meter the microampere level currents. It could be illustrated that the dam barrier in the chip had dielectric breakdown. Because it had formed a microampere level currents and the current characteristics were consistent with the phenomenon of forming electroosmotic flow it could certify the electroosmotic flow was founded, the flow speed could be determined by the current monitoring method [21] . Thus the project can realize the liquid sampling.
Conclusions
Using the conductive solution in microchannel to replace the function of electrode and the electric field generated by the applied voltage through the ends of the microchannel can emerge the reversible electrical breakdown on the interval between the channels and form electroosmotic flow to drive liquid injector and flow. This can simplify the design process and increase the security.
We designed dam structure dielectric breakdown chip produced by PDMS to verify the feasibility of dielectric breakdown drive electroosmotic flow in microfluidic chips.
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The experiment proved that using the dielectric breakdown for the liquid sample flow is feasible. This technique can be used to design micropump, microfluidic chip, and so on.
Currently, the theory of the reversibility dielectric breakdown need to a deep research, and the influence on joule heating for reversible breakdown of the chip and the experiment success rate and pressure must be considered. All of these will be worth studying in the future.
